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Recently a paper of Klimovskikh et al. [1] was pub-
lished presenting experimental and theoretical analysis
of the graphene/Pb/Pt(111) system. The authors in-
vestigate the crystallographic and electronic structure of
this graphene-based system by means of LEED, ARPES,
and spin-resolved PES of the graphene pi states in the
vicinity of the Dirac point of graphene. The authors of
this paper demonstrate that an energy gap of ≈ 200 meV
is opened in the spectral function of graphene directly at
the Dirac point of graphene and spin-splitting of 100 meV
is detected for the upper part of the Dirac cone. On
the basis of the spin-resolved photoelectron spectroscopy
measurements of the region around the gap the authors
claim that these splittings are of a spin-orbit nature and
that the observed spin structure confirms the observation
of the quantum spin Hall state in graphene, proposed in
earlier theoretical works. Here we will show that careful
systematic analysis of the experimental data presented in
this manuscript is needed and their interpretation require
more critical consideration for making such conclusions.
Our analysis demonstrates that the proposed effects and
interpretations are questionable and require further more
careful experiments.
Our first remark, which, however, does not influence
the main result of the paper, relates to the assignment of
the crystallographic structure of the graphene/Pt(111)
interface (see Figure 1(c,d) of Ref. 1 and Fig. 1 of the
present Comment). Here: (a) unit cell of (1 × 1)-
graphene, (b) (2× 2)-graphene/(√3×√3)R30◦-Pt(111),
(c) (
√
3 × √3)R30◦-graphene/(3/2 × 3/2)-Pt(111), and
(d) (2/
√
3× 2/√3)R30◦-graphene/(1× 1)-Pt(111). It is
obvious that the assignment made in Ref. 1 for the struc-
ture as (
√
3×√3)R30◦-graphene/Pt(111) is incorrect. As
was shown in Ref. 2 the correct notation is either (b) or
based on the description (d), when (1× 1)-Pt(111) layer
forms a structure underneath graphene with symmetry
(2/
√
3×2/√3)R30◦ with respect to the (1×1)-graphene
unit cell.
The second critical comment, which is more serious, re-
gards to the spin-resolved photoemission data presented
in Ref. 1. Our criticism is devoted to the treatment of the
presented data and our analysis demonstrates that, gen-
erally, the spin-resolved data have to be analyzed with
very high accuracy. Furthermore, the declared in Ref. 1
effect, namely the gap opening at the graphene Dirac
point, cannot be related to the spin-orbit induced effects
if spin-resolved data presented in the original manuscript
are considered.
Spin-resolved photoemission experiments allow to sep-
arate the spin-integrated signal, which comes after en-
ergy analyzer on to channels – spin-up (Iup) and spin-
down (Idown). Such experiments are usually performed
with the so-called spin-detectors and one of such devices,
namely the mini-Mott spin-detector, was used in the dis-
cussed work. In the mini-Mott spin-detector the elec-
tron beam, which enters the detector, is accelerated to
high energies (26 keV) and then it is scattered on the
Th-target. In this case, due to the spin-orbit effect, the
scattering potential of the Th-atom cannot be considered
as symmetric in the space and left/right spin asymmetry
with respect to the scattering plane appears (scattering
plane is formed by the direction of the incoming on the
target the electron beam and the spin quantization axis).
Then the back-scattered (scattering angle is 120◦) elec-
trons are detected from the left (IL) and right (IR) chan-
neltrons. Due to the fact that the scattering efficiency
for the back-scattered electrons is very low and never
reaches 100%, the efficiency of the spin-detector is char-
acterized by the so-called Sherman function (S), which
(a)(b)
(c)
(d)
FIG. 1: Identification of different unit cells for the
graphene/Pt(111) system: (a) unit cell of (1×1)-graphene, (b)
(2×2)-graphene/(√3×√3)R30◦-Pt(111), (c) (√3×√3)R30◦-
graphene/(3/2× 3/2)-Pt(111), and (d) (2/√3× 2/√3)R30◦-
graphene/(1× 1)-Pt(111).
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FIG. 2: Data extracted from Fig. 3 and Fig. S5 of the discussed Ref. 1. Upper part of every panel shows intensities for the
spin-up and spin-down channel and lower part shows the respective spin-polarization. Numbers (1 − 4) and (1 − 3) in panels
(b) and (c), respectively, shows the questionable regions of the spectra, which are discussed in the present comment.
was set to 0.12 in Ref. 1. The value of the Sherman func-
tion for the particular experimental assembly is obtained
in the independent experiment on the well-known sam-
ple or with the electron beam of known spin polarization.
The measured intensities are used for the calculation of
the spin-asymmetry A = (IL − IR)/(IL + IR), spin po-
larization P = (Iup − Idown)/(Iup + Idown) = A/S =
1/S · (IL − IR)/(IL + IR), and intensities of the spin-up
and spin-down channels Iup,down = I0 · (1± P )/2, where
I0 = IL+IR. Here we would like to emphasize that P and
Iup,down are calculated on the same step. The statistical
errors for the spin polarization and spin intensities are
∆P = 1/(S
√
I0) and ∆Iup,down = Iup,down ·∆P/(1±P ),
respectively [3]. In the modern spin-resolved photoemis-
sion experiments, the spin polarization usually has an
error of 2− 3%.
The main measurement error comes from the
experiment-equipment induced spin asymmetry, which is
determined by the geometry and construction of the spin-
detector assembly, efficiency of the channeltrons, etc. [3]
This effect of the experiment-equipment induced spin
asymmetry can be eliminated for magnetic materials via
two independent measurements, performed at opposite
magnetization directions (M+,M−) [3]. For the non-
magnetic samples, where spin-orbit effects are investi-
gated, such measurements have to be performed for two
opposite helicities of light (σ+, σ−) [4–6]. Taking into ac-
count this consideration, the final equation for the spin
polarization is P = (1/S)(
√
I+L I
−
R −
√
I+R I
−
L )/(
√
I+L I
−
R +√
I+R I
−
L ) with the corresponding formulas for the spin-
up and spin-down channels [3]. Here the upper signs
“+” and “−” correspond to the opposite sample mag-
netizations or light helicities directions. It is obvious
that such measurements allow to determine the absolute
value of the experiment-equipment induced spin asym-
metry and this approach was used for the determination
of the setup-induced spin asymmetry via experiments on
the magnetic sample as stated by the authors in section
Methods of Ref. 1. Therefore we can conclude that the
spin polarizations presented in Fig. 3 and Fig. S5 of Ref. 1
as grey points connected by the lines are absolute values
with the error of 2− 3%. The respective figures are com-
piled in Fig. 2 of the present comment.
Before further discussion we would like to emphasise,
that according to the previous consideration, the spin po-
larization value and intensities of the spin-up and spin-
down channels are calculated as one step. That means
that the respective sign of the spin polarization has to
be reflected in the spin-resolved spectra. Analysis of the
region of spin-polarization spectra around point (2) in
Fig. 2 (b) clearly demonstrates that point marked by the
vertical line has negative spin polarization, whereas two
neighbouring points to the left and to the right have pos-
3itive polarizations. At the same time considering the
spin-resolved spectra presented in the upper panel, we
can see that all points have to have the same spin polar-
ization. Therefore there is a clear strong contradiction
between two sets of points. Several questionable regions
of the spin-resolved spectra together with the respec-
tive spin polarization are marked by different numbers
in Fig. 2 (b) and (c), where the sign of spin polarization
P and the respective sign of (Iup − Idown)/(Iup + Idown)
extracted from the spectra are opposite. [Here we also
would like to point to the confusing caption of Fig. 3 in
Ref. 1, namely to the sentence: “Also presented in (a)
is the spin polarization calculated as the raw asymme-
try (Iup − Idown)/(Iup − Idown) multiplied by the Sher-
man function Seff = 0.12.” In this case it is not clear
– what is exactly drawn as a lower part of every panel
in (a): spin polarization (P ) as marked in the axis title,
raw asymmetry (A = (IL − IR)/(IL + IR)) as stated in
the first part of the quoted sentence, or spin polarization
multiplied by 0.12, i. e. the spin asymmetry (A = SP =
S · (Iup − Idown)/(Iup − Idown) = (IL − IR)/(IL + IR))
as stated in the second part of the quoted sentence?] In
our further analysis we assume that the spin polarization
(P ) is drawn in Fig. 3 of Ref. 1.
From the close analysis of the lower parts of all pan-
els in Fig. 2 we can conclude that the black curve (Pav),
which supposedly is the average curve for the experimen-
tal points of P over, at least, 6 experimental points, was
used for the calculation of intensities of spin-up and spin-
down channels (here we would like to emphasise that, ob-
viously, this curve is not a result of the fitting routine de-
scribed in Ref. 7). However this is an absolutely inappro-
priate step for the treatment of the spin-resolved photoe-
mission data. Such average procedure for the spin polar-
ization leads to the dramatic increase of the measurement
error from ∆P to n∆P (pessimistic estimation) or to√
n∆P (optimistic estimation), where n is the number of
points used during averaging procedure (in the presented
case n ≥ 6). Taking into account the strong scattering of
experimental points presented in Fig. 2 (grey points in ev-
ery lower panel), we can conclude that the experimental
error for spin polarization is, at least, ∆P ≈ 3%. There-
fore the resulting error for the averaged black curve will
be between ∆Pav ≈ 7% and ∆Pav ≈ 18%. The maximal
value of the averaged spin polarization is 3% (see black
curve in Fig. 2(b)) and therefore we have to write the fi-
nal value as between Pav = (3±7)% and Pav = (3±18)%
(depending on the estimation method for the error) and
the intensities for the spin-up and spin-down channels
have to be presented with the respective error bars as
well. This analysis clearly demonstrates that the effect
offered in the abstract of Ref. 1 is not supported by the
experimental results after proper analysis of the data and
statistical analysis. Here we can also conclude that the
spin-splitting of 100 meV presented in Fig. 3(a) of Ref. 1
does not exist or it has to be much smaller. This value
can be only estimated after proper analysis of the exper-
imental data or after new spin-resolved experiments.
In conclusion, we demonstrated that the analysis and
presentation of the spin-resolved experimental results
given in Ref. 1 is very confusing and the presented data
require more careful analysis and interpretation. Our
discussion shows that the appropriate error analysis is
required during such spin-resolved photoemission exper-
iments, because in some cases it might lead to the dra-
matic influence on the raw data. Our careful investiga-
tion of the experimental data presented in the discussed
work shows that the main conclusions of the paper on
the spin-orbit induced gap opening in graphene are not
supported by the data and further accurate spin-resolved
investigations of the studied system are necessary.
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